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(54) A method of controlling an engine startup 

(57) A method providing solution of both of the prob- 
lem of black smoke dunng the engine startup period and 
the problem of undershooting and hunting at the settling 
time. By adding at least an integral term Ql to a basic 
injection quantity, feedback control of a fuel injection 
quantity of an engine is carried out. An initial integral 
term QI0, which is used dunng the engine startup, is pre- 
determined. During the engine startup period, the inte- 



gral term Ql is set as M 0 H until an engine revolution 
number Ne reaches a predetermined startup revolution 
number Nes. When the Ne reaches the Nes, the initial 
integral term QI0 is used as the Ql. The QI0 is preferably 
determined on the basis of one of, or both of, a water 
temperature and an atmospheric temperature. The Nes 
is preferably a value close to, or equal to, an idling rev- 
olution number Nei. 



CM 
< 

O 
00 

o> 

C4 

CL 
LU 




KEY ON 



Fig. 1 



time 



Express Label No. 
EV343679645US 



Printed by Jouve, 75001 PARIS (PR) 



# • 

1 EP 1 219 807 A2 2 



Description 

[0001] This application claims priority of Japanese 
Patent Application No. 2000-395620 filed in JPO on De- 
cember 26, 2000, the entire disclosure of which is incor- 5 
po rated herein by reference. 

[0002] The present invention relates to a method of 
controlling a startup of an engine. More particularly, the 
present invention relates to a method of controlling an 
engine startup in which characteristics of starting up an 
engine can be improved. 

[0003] In idling control of an electronically controlled 
diesel engine, usually feedback control of a normal fuel 
injection quantity is carried out. In this case, every pre- 
determined control timing, a next fuel injection quantity 
is calculated by adding a proportional term (this term will 
be also called a P term hereinbelow) and an integral 
term (this term will be also called an I term hereinbelow) 
to a basic injection quantity, and an actual injection 
quantity is successively corrected so as to bring the 
quantity closer to a target injection quantity. 
[0004] During an engine startup period, after cranking 
revolution is started, combustion begins. Revolution of 
the engine rises up once, and then settles into a prede- 
termined idling revolution number. However, at the 
same time the cranking begins, the I term starts with ze- 
ro value, and calculation of addition is carried out every 
moment. For example, when it is cold, if a cranking pe- 
riod is long, a fuel quantity exceeds a proper quantity at 
the time combustion starts (the state where ignition oc- 
curs^ and black smoke is generated. On the other hand, 
if the cranking period is short (for example, after warmup 
is carried out), undershooting or/and hunting occurs due 
to lack of a fuel quantity at the time the engine revolution 
numbersettles into the idling revolution number. As stat- 
ed above, it has been difficult to solve the problem of 
black smoke together with the problem of undershooting 
when the engine revolution number settles into the idling 
revolution number. 

[0005] It is an object of the present invention to pro- 
vide a method of controlling an engine startup in which 
feedback control of fuel injection quantity is performed 
by adding at least an integral term (I term) to a basic 
injection quantity of the engine. Further, in this method, 
an initial integral term, which is used during an engine 
startup, is determined in advance. Furthermore, in this 
method, during the engine startup, the integral term is 
set to be "0" until an engine revolution number reaches 
a startup revolution number, and when the engine rev- 
olution number reaches the startup revolution number, 
the initial integral term is used as the integral term. 
[0006] The initial integral term is preferably deter- 
mined on the basis of one of. or both of, a water tem- 
perature and an atmospheric temperature . 
[0007] The startup revolution number is preferably a 
value higher than a cranking revolution number and low- 
er than a complete combustion revolution number. 
[0008] The startup revolution number is preferably a 



value close to, or equal to, an idling revolution number. 
[0009] Additional objects, aspects, benefits and ad- 
vantages of the present invention will become apparent 
to those skilled in the art to which the present invention 
pertains from the subsequent detailed description and 
the appended claims, taken in conjunction with the ac- 
companying drawings. 

[0010] Fig. 1 is a time chart showing a method of con- 
trolling startup of an engine according to an embodiment 
of the present invention; 

[0011] Fig. 2 is a table for calculating the P term; 
[0012] Fig. 3 is a table for calculating the I term; 
[0013] Fig. 4 is a map showing a basic injection quan- 
tity when an accelerator opening is 0 %; 
[0014] Fig. 5 is a two-dimensional map for determin- 
ing an initial integral term; 

[0015] Fig. 6 is a time chart showing results of engine 
tests of an embodiment according to the present inven- 
tion and an example of a conventional manner; and 
[0016] Fig 7 is a structural illustration showing an en- 
gine in the embodiment of the present invention. 
[001 7] An preferred embodiment of the present inven- 
tion will be described, based on the accompanying 
drawings, and in comparison with conventional methods 
of controlling an engine startup in order to facilitate un- 
derstanding of a method and advantages of the present 
invention. In this embodiment, an engine revolution 
number is used as an engine revolution speed. 
[0018] An engine in this embodiment is a known com- 
mon rail type diesel engine whose structure is shown in 
Fig. 7. In an engine 1 , fuel is injected into each cylinder 
from an injector 2. The pressurized fuel is accumulated 
in a common rail 3. A supply pump 4 supplies the fuel 
by pressure to the common rail 3, an electronic control 
unit (ECU) 6 properly switches a pressure control valve 
5 to a supply side from a leak side or to the leak side 
from the supply side, and thereby a common rail pres- 
sure is controlled. The common rail pressure is detected 
by a common rail pressure sensor 7, and is controlled 
by feedback in order to obtain an optimum value. The 
ECU 6 has a role of controlling fuel injection, and con- 
trols a fuel injection quantity by controlling the period for 
which electric current is supplied to the injector 2. During 
idling, a fuel injection quantity is controlled by feedback 
on the basis of output from an engine revolution sensor 
8. In addition to that, the ECU 6 receives other kinds of 
information indicating an engine operation state from an 
accelerator opening sensor, a water temperature (en- 
gine temperature) sensor, an atmospheric temperature 
sensor, and so forth. 

[0019] In an idling state, feedback control of a fuel in- 
jection quantity is carried out. This feedback control is 
as follows. Fig. 4 shows a basic injection quantity Q0 
which is injected every engine revolution number Ne 
when an accelerator opening Ac is 0%. When a target 
revolution number of the engine is set as an idling rev- 
olution number Nei (for example, 440 rpm), a basic in- 
jection quantity is QOi. Actually, there are many cases 
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in which even if the basic injection quantity QOi is inject- 
ed, an actual engine revolution number is not equal to 
the idling revolution number Nei due to difference in us- 
ing condition such as a warmup state of the engine, or 
an outside air temperature. That is, there are many cas- 
es in which the fuel injection quantity is required to be 
increased or decreased as indicated by the numeral 1 
or 2 of Fig. 4. Therefore, by adding a proportional term 
(P term) QP and an integral term (I term) Ql to the basic 
injection quantity QOi, the fuel injection quantity is cor- 
rected so as to bring the actual engine revolution 
number closer to the idling revolution number Nei. In 
other wards, a final injection quantity Qn is calculated 
by using the equation: Qn = QOi + QP + Ql. 
[0020] The feedback control as stated above is 
carx^ed out every predetermined timing. Although the 
above description is directed to the case of an idling op- 
eration, when the accelerator opening Ac is 0 %, the final 
injection quantity can be determined in the same man- 
ner also in the case where a state of the engine is not 
in idling 

[0021] The P term is determined from a table of Fig. 
2 which was stored in the ECU 6. In other wards, the 
value QP of the P term is determined as one value on 
the basis of difference between the actual engine revo- 
lution number and the target revolution number. More 
specificalfy. the value QP is determined on the basis of 
difference ANe which is the actual engine revolution 
number minus the target revolution number. When the 
ANe is "0" or close to "0". the value QP is "0 M . The larger 
the ANe becomes from the value close to M 0 M . the smaller 
the value QP of the P term becomes (that is, the more 
the QP moves in a direction of the minus side). On the 
other hand, the smaller the ANe becomes from the value 
close to *0\ the larger the QP becomes (that is, the more 
the QP moves in a direction of the plus side). The QP 
of the term P causes the inclination of Fig. 4 to change 
(refer to the dashed line), and updates its own value eve- 
ry control timing. 

[0022] The i term is determined from a table of Fig. 3 
which was stored in the ECU 6. The value Ql of the I 
term is also determined as one value on the basis of the 
ANe. In many cases the graph of the Ql crosses at the 
origin ol the coordinate axis. Generally, only when the 
ANe is "0". the value Ql is "0". The larger the ANe be- 
comes from "0", the smaller the value Ql becomes (that 
is, the more the Ql moves in a direction of the minus 
side). On the other hand, the smaller the ANe becomes 
from "0*\ the larger the Ql becomes (that is, the more 
the Ql moves in a direction of the plus side). 
[0023] The value Ql of the I term causes the actual 
engine revolution number to converge at the target rev- 
olution number when the actual engine revolution 
number reaches the target revolution number. The de- 
scription regarding this matter will be presented later. 
The value Ql is updated every control timing, and cal- 
culation of addition is carried out every timing. As known 
to those skilled in the art, this calculation of addition may 
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be carried out such that if the current I term is Ql(n) and 
the previous I term is Ql(n-1), the current I term Ql(n) is 
determined by adding the Ql obtained from Fig. 3 to the 
previous I term Ql(n-1). Thus, in the equation of "Qn = 
5 QOi + QP + Ql", this Ql indicates the current Ql(n) of the 
I term. 

[0024] Fig. 1 shows condition during the engine star- 
tup period. On the assumption that an accelerator is not 
depressed and the accelerator opening Ac is 0 %, the 
io condition of the engine will be described. In the case of 
the engine startup, after a predetermined period passes 
from the time an engine key is changed to ON, cranking 
is started. The time the engine is started up may be the 
time the cranking begins. A cranking period is indicated 

15 by "A", but an end time of the cranking is varied depend- 
ing on a driver. When combustion begins, the engine 
revolution number Ne (that is, engine revolution speed) 
rises up rapidly, the engine leads to a complete combus- 
tion state, and then the engine revolution number drops 

20 to settle into an idling revolution number Nei (that is, sta- 
bilized). The numeral t indicates the timing that the com- 
bustion begins, and the numeral 2 indicates the timing 
that the engine state reaches complete combustion. The 
complete combustion timing 2 is generally timing pre- 

25 ceding the time when the engine revolution rises up to 
the most high point. Of course, an engine revolution 
number Neq at the complete combustion timing for ex- 
ample, 1000 rpm) is greater than the idling revolution 
number Nei. A cranking revolution number Nec (for ex- 

30 ample, 100 rpm) is lower than the idling revolution 
number Nei, but the Nec can vary in accordance with 
an engine warmup condition, a storage condition of a 
battery, or the like. The engine revolution number at the 
combustion start time 1 has a certain width for example, 

35 150 to 200 rpm), is a little larger than the cranking rev- 
olution number Nec, and of course is smaller than the 
idling revolution number Nei. 

[0025] Furthermore, a startup revolution number Nes 
is predetermined. In other words, this startup revolution 

-*o number is a predetermined startup revolution speed. 
The Nes is used for making judgment during the engine 
startup period when the engine control is carried out 
(this judgment will be understood later). The startup rev- 
olution number Nes is determined for each engine by a 

•^5 test of an actual engine or the like, and the value of the 
Nes is stored in the ECU 6. The startup revolution 
number Nes is generally a value larger than the cranking 
revolution number Nec and smaller than the complete 
combustion revolution number Neq. For the sake of con- 

50 venience, assuming that the startup revolution number 
Nes is equal to the idling revolution number Nei, this ex- 
ample is described, but strictly speaking this assumption 
does not necessarily corresponds to an actual case. 
[0026] Also during this startup period, the above-men- 

55 tioned feedback control is carried out. Every moment, 
the fuel injection quantity is calculated by using the 
equation: Qn = QOi + QP + Ql. 

[0027] In a conventional manner, as indicated by "a" 
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of Fig.1 , an initial value of the I term Ql is set as "0", and 
the value Ql is increased every moment from the time 
cranking begins. However, when the engine startup is 
in an il! condition such as a cold day, nighttime, use of 
a heater, or difference in individuals (drivers), the crank- 
ing period A becomes longer. Therefore, there is a prob- 
lem. In other words, as indicated by "b" of Fig. 1, the 
value Ql of the I term leads to an overshooting value 
(assuming that an optimum value is indicated by QIO), 
and black smoke is generated at the same time com- 
bustion begins. On the other hand, when the engine 
startup is in a good condition, the cranking period A be- 
comes short, so that the value Ql of the I term becomes 
smaller than a desired value, as indicated by "a" of Fig. 
1 , at the time when the time reaches the settling timing 
3. As indicated by "x1" of Fig. 1, undershooting occurs, 
and in the worst case, the engine stops (en-st occurs). 
Furthermore, as indicated by "x2" of Fig. 1 , hunting oc- 
curs, and there is a problem that the engine revolution 
number Ne takes some time to converge at the idling 
revolution number Nei. 

[0028] Also during this startup period, the above-men- 
tioned feedback control is carried out, so that the value 
Ql of the I term at the cranking time becomes an almost 
constant value which is determined as one value from 
a table of Fig. 3 and the equation: ANe - Nec - Ne. 
Therefore, since whether the startup condition is good 
or bad is not taken into account, such a problem occurs. 
In a conventional manner, it has been thus difficult to 
solve both the problem of startup black smoke and the 
problem of undershooting or hunting at the settling time, 
and to set the compatible I term. 

[0029] There has been following conventional meth- 
ods of solving this problem. In a first conventional meth- 
od, as indicated by "c" of Fig. 1 , calculation of the I term 
is stopped and the I term stays at the value "0" until the 
engine revolution number Ne reaches the startup revo- 
lution number Nes. When the engine revolution number 
Ne reaches the startup revolution number Nes, the cal- 
culation of the I term is started. However, although this 
method prevents black smoke from generating, even 
when the engine condition reaches settling time 3, the 
value of the I term is insufficient, so that undershooting 
or hunting occurs. In this case, if a table of Fig. 3 is ar- 
ranged and prepared so as to provide a sufficient I term 
at the settling time 3, hunting occurs at the time of a 
normal free accelerating (racing of the engine). 
[0030] In a second conventional method, as indicated 
by "d" of Fig. 1 , a high I term is given from the beginning. 
However, in this case, black smoke is generated be- 
cause the fuel quantity becomes larger than a neces- 
sary quantity at the combustion start time 1 . 
[0031 ] In a third conventional method, the calculation 
of the I term is started from the cranking start time as 
indicated by "a" of Fig. 1 , but does not affect the calcu- 
lation of the final injection quantity (that is, although cal- 
culation is performed, the I term is set as n 0"). When and 
after the time reaches the combustion start time 1 , the 



I term is calculated and increased so as to affect the 
injection quantity (that is, the I term is made to appear). 
In this manner, in the case where the cranking period A 
is short, black smoke is prevented from generating, but 
5 undershooting or the like occurs at the settling time 3. 
In the case where the cranking period A is long, the prob- 
lem that black smoke is generated is not solved as ever. 
[0032] With the view of the foregoing, the present in- 
vention adopts the following method of controlling a star- 
tup of the engine. In other words, an initial integral term 
(an initial I term) QIO is predetermined. The I term is set 
as "0" until the engine revolution number reaches the 
startup revolution number Nes. (That is, the integral 
term is held at a value of "0" from engine start to the time 
that the engine revolution speed reaches a predeter- 
mined startup revolution speed.) When the engine rev- 
olution number reaches the startup revolution number 
Nes : the initial integral term QIO is used as the I term. 
[0033] More detailed description of the method ac- 
cording to the present invention is as follows. First, the 
value of the startup revolution number Nes is deter- 
mined as an optimum value which may be different from 
the conventional value. According to the test of the ac- 
tual engine an inventor performs, the value of the Nes 
is preferably set as a value close to or equal to the idling 
revolution number Nei. In this embodiment according to 
the present invention, the value of Nes is set as a value 
equal to the idling revolution number Nei (for example, 
440 rpm). 

[0034] Secondly, an optimum value of the initial I term 
QIO can be determined by testing the actual engine or 
the like on the basis of various parameters concerning 
a startup condition or requirement. This determined op- 
timum value is also stored in the ECU 6. In this embod- 
iment according to the present invention, the initial I term 
QIO is determined on the basis of a two-dimensional 
map of a water temperature and an atmospheric tem- 
perature as shown in Fig. 5. It should be noted that the 
initial I term QIO may be determined on the basis of ei- 
ther the water temperature or the atmospheric temper- 
ature. 

[0035] The following is the method of controlling the 
startup of the engine in the embodiment according to 
the present invention (specif bally, the method of carry- 
ing out revolution feedback control during an engine 
startup period by controlling fuel injection quantity, in 
which the fuel injection quantity is determined by adding 
at least fuel quantity correction based on an integral 
term to a basic fuel injection quantity). The condition of 
this embodiment is shown by the solid line of Fig. 1 . First, 
the I term is set to be "O" during the cranking period A 
from the time key is changed to ON. Furthermore, even 
when time reaches the combustion start time 1 , the I 
term still remains "0". After the combustion start time t , 
the I term continues to be "0" until the engine revolution 
number reaches the startup revolution number Nes. At 
the moment when the engine revolution number reach- 
es the startup revolution number Nes, the initial I term 
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QIO is used as the I term. 

[0036] In other words, at the moment when the engine 
revolution number reaches the startup revolution 
number Nes, the initial I term QIO is made to appear. 
After the initial I term QIO appears : the I term Ql that 5 
follows the table of Fig. 3 is used to perform the calcu- 
lation of the final injection quantity. 
[0037] According to this method, since the calculation 
of addition regarding the I term is practically not per- 
formed during cranking, even if the cranking period A 10 
becomes long, the fuel quantity is not set to be an ex- 
ceeding quantity, and black smoke can be prevented 
from being generated. In addition, immediately after 
combustion is started, the initial I term that is larger than 
a conventional value (a conventional initial value is "0") *5 
can be provided, so that when the time reaches the set- 
tling time 3, the fuel quantity does not become insuffi- 
cient, and undershooting or hunting can be prevented. 
In this manner, black smoke generation during the star- 
tup period and undershooting and hunting at the settling 20 
time can be prevented together. 

[0038] The initial I term is preferably generated after 
the combustion start time 1 in order to prevent black 
smoke generation. It should be noted that generation of 
the initial I term is preferably advanced in order to use 25 
a sufficiently accumulated optimum I term at the settling 
time 3. Therefore, the startup revolution number Nes, 
which can determine the time when the I term is gener- 
ated, is preferably set as a value at least greater than 
the cranking revolution number Nec and smaller than a 30 
complete combustion revolution number Neq. 
[0039] Fig. 6 shows a result of the engine test per- 
formed in order to compare this embodiment according 
to the present invention with an example of a conven- 
tional manner. This embodiment according to the 35 
present invention is indicated by the solid line, and the 
example of the conventional manner is indicated by the 
one-dot dashed line. As the example of the conventional 
manner, the above-mentioned first conventional method 
is adopted. As shown in Fig. 6, in the case where the *o 
embodiment according to the present invention is em- 
ployed, undershooting and hunting completely disap- 
pear. Specifically, at the settling time 3 : the engine rev- 
olution number Ne gently settles into the idling revolu- 
tion number Nei from a higher point, and a desirable re- *5 
suit that there is no sinking can be obtained. Of course, 
black smoke is not generated, and the advantages of 
the present invention are confirmed by this test of the 
actual engine. 

[0040] An embodiment of the present invention is not so 
limited to the above-mentioned embodiment. For exam- 
ple, the present invention can be applied to an embod- 
iment in which the P term is not used to determine the 
final fuel injection. The present invention can be applied 
to any electronically controlled engine. Of course, the 55 
present invention can be applied to a diesel engine and 
a gasoline engine, but other type engines may be adopt- 
ed to the present invention. Furthermore, in the case of 
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a diesel engine, the present invention can be applied to 
not only a common rail type engine but also an electron- 
ically controlled fuel injection pump type engine (for ex- 
ample, an engine having an electronic governor). More- 
over, the present invention can be applied to even a gas 
turbine engine. 

[0041] As a result, according to the present invention, 
an outstanding advantage that it is possible to solve both 
the problem of black smoke during the engine startup 
period and the problem of undershooting or hunting at 
the settling time can be accomplished. In this embodi- 
ment, the term "revolution number" is used to represent 
an engine revolution speed. For example, an idling rev- 
olution number Nei and a cranking revolution number 
Nec are respectively used for representing an idling rev- 
olution speed and a cranking revolution speed. 



Claims 

1 . A method of carrying out revolution feedback con- 
trol during an engine startup period by controlling 
fuel injection quantity, in which the fuel injection 
quantity is determined by adding at least fuel quan- 
tity correction based on an integral term to a basic 
fuel injection quantity, said method comprising: 

(a) holding the integral term at a value of "0" 
from engine start to the time that an engine rev- 
olution speed reaches a predetermined startup 
revolution speed; and 

(b) setting a predetermined initial integral term 
as the integral term at the time that the engine 
revolution speed reaches the predetermined 
startup revolution speed. 

2. The method according to claim 1 , characterized in 
that the initial integral term is determined on the ba- 
sis of one of, or both of, a water temperature and 
an atmospheric temperature. 

3. The method according to claim 1 or 2, character- 
ized in that the startup revolution speed is a value 
higher than a cranking revolution speed and lower 
than a complete combustion revolution speed. 

4. The method according to any one of claims 1 to 3, 
characterized in that the predetermined startup 
revolution speed is approximately a value of an 
idling revolution speed. 
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(54) A method of controlling an engine startup 

(57) A method providing solution of both of the prob- 
lem of black smoke during the engine startup period and 
the problem of undershooting and hunting at the settling 
time. By adding at least an integral term Ql to a basic 
injection quantity, feedback control of a fuel injection 
quantity of an engine is carried out. An initial integral 
term QI0, which is used duringthe engine startup, is pre- 
determined. During the engine startup period, the inte- 
gral term Ql is set as M 0" until an engine revolution 
number Ne reaches a predetermined startup revolution 
number Nes. When the Ne reaches the Nes, the initial 
integral term QI0 is used as the QL The QI0 is preferably 
determined on the basis of one of, or both of, a water 
temperature and an atmospheric temperature. The Nes 
is preferably a value close to, or equal to, an idling rev- 
olution number Nei. 
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